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AERODMW41CCHMUUXERISTICSOFA 68.4°DELTAtiG AT

MACHNUMBERSOF1.6AND1.9OVIIRA

WIDEREYNOLDSNUMBERRANGE

By JohnE. Hatch,Jr.,andJemesJ. Galbgher

SUMMARY

Theresultsof anexperimentalinvestigationto determinetheeffects
ofReynoldsnumberontheaerodynamiccharacteristicsof a 68.4°delta
wingatMachnunibersof1.6and1.9arepresented.TIEwingstresmwise
airfoilsectionserebasedontheNACA00-serieswiththemaxinmmthickless
~ from4percentat the root section to 6.24percentattJE90-Percent
semispanstation.At a Machnuniberof1.90forceandpressuredatawere
obtainedoveranangle-of-attackrangeof16°atReynoldsnumbersof7.2x 106,
12.6x 106,and18.4x 106. PressuredatawerealsoobtainedatMachnum-

bersof1.93andl.62atReynoldsnunibersof2.2x 106and7.4x 106upto
an angleof attackof10°.

AtMachnmiber1.90theforcedataindicatedthatReynoldsnumber
hadu significanteffectsonthemeasuredliftandpitchingmment.As
theReynoldsnmnberincreasedfrmn7.2x 106to 18.4x 106,however,the
minimumdragcoefficientofthewing(largel.yturbulentboundarylayer)
decreasedapproximately8 percent..FortheseineReynoldsnumberrange
therewasno changeintheamountofleading-edgesuctiondevelopedby
thewingwhichwasappromtel.y15percentofthetheoreticalvalue.

At @ givenangleofattackthepressuredataobtainedatMachnumbers
of 1.9and1.62showedthatenincreaseinReynoldsnumberaffectedthe
IUX@~ ad ~stributionofcbrwse loadingbuthadlittleeffecton
thespanwiseloading.

AtbothtestMachnumberstheshapeofthespanwiseloadingcurve
variedfrmuellipticalatthelowanglesof attacktomorenearlytri-
~ atthehigherangles.

.—.—.———— —.—— — —. —.———.——
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INTRODUCTION

Theeffectsofa largechangeinReynoldsnumberontheaerodynamic
characteristicsofa 68.J+0deltawingata Machnumberof2.41havebeen
reportedinreference1. ThegreatesteffectofanincreaseinReynolds

numberfrom1.04x 106to18.3x 106wasto varythepressuredistribu-
tionoverthewinguppersurfaceat smgl.eofattack.Itwasshownthat
an increaseinReynoldsnuniberdelayedto a higherangleofattackthe
formationofa separatedre@on nearthewingleadingedge. Thisregion
terminatedina shockwavel@ng approxhatelyon a raythroughthewing
apex.

Thepurposeofthepresentpaperistoprovidefurtherinformation
ontheeffectsofReynoldsnumberon theaerodynamiccharacteristicsof
thewingofreference1 asweU.astoprovide
wingatMachnmibersofl.6mdl.9.

Flow-directionsurveysonthewingupper
toprovideadditionalinformationontheflow

Free-stream

M

%

Po

R

conditions:

Machnumber

-c pressure

staticpressure

Reynoldsnu?iber,

Winggeometrg:

A aspectratio

b span

c tangentof apex

sYMmLs

loaddistributionsforthe

surfaceweremadein order
phenomenaoverthewing.

basedonwingmeanaerodynamicchord

angle

c wingchord,measuredindirectionof

E meanaerodynamicchord

flight
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% averagechord

s wingarea

t thickness

a angleof attack,deg

x coordinatealongfree-streamdirection

Y spanwisecoordinate

Pressuredata:

P

CP

Cnc
Cav

Q

Forcedata:

CL

CD

%

cc

localstaticpressure

P - P.pressurecoefficient,
%

lifting-surfacepressurecoefficientperdegree

angleof attack,‘2 ‘Pu
%a

span-loadingcoefficient,
J
ccP2-~ti

o Cav

localflowangle

wing-liftcoefficient,‘~

wing-dragcoefficient,~
q&

wingpitching-momentcoefficientaboutwingcentroid

Ofarea, PitthinRmfnnent

%Sc

chord-forcecoefficient,Chordforce
%s
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lift-dragratio

theoreticalsuctionforcecoefficient,g-

incrementaldragcoefficientduetolift, %-%*

Subscripts:

u conditionson

1 conditionson

r valueatroot

max maximumvalue

minimumvalue

~ Wer surface

winglowersurface

section

AFP..

Blowdown~et.-ThehighReynoldsnumbertestsat M = 1.90 were
conductedin oneofthe%inchblowdownjetsoftheGasDynamicsBranch
attheLangleyLaborato~.Thejetwassodesignedthatthesemispan
modelscouldbemountedwithorwithouta boundary-layerscoop(fig.1).
Thetestsectionwas9 incheswideand6 incheshighwhenthescoopwas
usedand9 incheswideand6.75incheshighwhenthescoopwasremoved.

Tunnel.- ThelowReynoldsnumbertestsat M = 1.62 and M = 1.93
wereconductedintheLangley9-inchsupersonictunnel.Thistunnelis
a single-return,direct-drivetypeinwhichthepressure,temperature,
andhumidityoftheenclosedaircanbe controlled.Thesemiqan-wing
modelsweremounteddirectlyto thetunnelsidewallwithno tunnel
boundary-layerSCOOP.

Models.-Thesemispan-wingmodelshawbg an aspectratioof1.’37
wereconstructedfromsteel.Streamwiseairfoilsectionsarebasedonthe
NACA00-thicknessserieswhichhasitsmaximumthicknessat ~ percent
ofthechord.Leading-edgeradiiweremodifiedto averageabout0.4per-
centofthelocalchord.Themeasuredwing~ thicknessvariedfrom
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4 percentatthe

5

rootto6.24percentatthe90-percentsemispanstation
as showninfigure2(a).A sketchof thewingshowingthelocationsof
thepressure-surveystationsisshowninfigure2(b),andthechordwise
orificelocationsaregivenintableII. Twopressure-distributionmodels
wereusedin orderto includethedesirednumberoforifices,andmother
similarmodelwasusedfortheforcetests.

Inordertodeterminethelocalflowdirectionoverthewingupper
surfaceat anglesof attack,small,symmetrical,weathercockingvanes
wereinstalledona full-spansting-mountedmodelinthe9-inchsuper-
sonictunnel.Figure3 showsthephysicaldimensionsofthevanesas
wellasthevanelocationsonthewingsurface.

TESTSANDPRECISION

Thefollowingtableshowstherangeofthetestsandthefacilities
usedduringthepresentinvestigation.

Facility M R a Dataobtained

1.62 2.2x 106 0°to 100 Pressure
distributions

Lmgley9-inch 1.62 7.2x 106 00to 100

‘qersodc ‘-cl 1.93 2.2x 106 00to 100 Pressure

1.93 7.2x 106 0°-to10° distributions

Blowdownjetof 1.90 7.2X 106 0°to 16° Pressure

theLangleyGas 1.90 12.6x 106 00 to ~60 distributions

_cs Branch l.go 18.4x 106 0°to16° andforces

Thewingwastestedina blowdownjetwiths.ndwithouta bountiry-
layerscoop.Forcedataandpressuredistributionsindicatedpractically
no differencesintheaerodynamiccharacteristicsofthewingasdeter-
minedby thetwomethodsoftesting.(Seeappendix.) Thedatapresented
forthewing,therefore,aretheresultsobtainedfromthewall-mounted
modelwithno tunnelboundary-layerscoop.

TheturbulencelevelintheLangley9-inchsupersonictunnelisdown
tobe relativelylow(ref.2) andextensive~sminarboundarylayersare
foundundersomeconditions.Intheblowdownjet,however,theturbulence
levelisunknownbutisbelievedtobe relativelyhigh;thislevelproba-
blyresultsinthemodelboundarylayersbeinglargelyturbulentforsll
testReynoldsnumbersinthisfacility.

.---—. ..— ——~— — — —.. _—. — . —.—.—.——————-
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Inordertounderstandbetterthedirectionofairflowoverthewing
surface,smallvaneswereinstalledat16 differentlocationsonthefull-
spanmodelintheLangley9-inchsupersonictunnel.Thevaneswereso
locatedonthewingduringeachrunthatno interferenceeffectsbetween
vaneswerepossible.

Theanglesthroughwhichthevaneswereturnedat eachwingangleof
attackwerereadbymeansofa cathetometermountedoutsideofthetunnel.
Theaccuracyofmeasurementoftheindicatedflowanglesisestimatedat
~~”.
2 Additionalinformationonthedirectionofflowintheboundary

layerwasobtainedby an ink-flowmethod.Inkwasallowedto issuefrom
thewingsurfacethroughstaticorificeslocatedinthewing,andthe
pathoftheinktakenintheboundarylayerwasphotographed.

Theestimatedprobableerrorsintheaerodynamiccoefficientsareas
follows:

R

2.2x 106
7.2x ld

12.6x 106
18.4x 106

CP

to.0050
to.0015
to.0030
*-J.0020

T
I------- -------

*0.0020*0.00C6
*O.0010 to.0003
+-0.0020to.0003

CM

-------

+0.0006
to.0003
*O.0003

(at:o)

CalibrationofthetunnelshowstheMachnumbertobe 1.62f 0.01
and1.93t 0.01s. FortheblowdownjettheMachnumberwas1.90I 0.015.
Theprobableerrorinangleofattackinreferencingthemodelswas~O.~O
withrespecttothetunnelcenterlineand~0.03°inrelativeangleof
attack.

RESULTSANDDISCUSSION

ForceData

Theforcedatawereobtainedonlywiththesemispanmodelinthe
blowdownjetat M = 1.90.Dataarepresentedinfigure4 atReynolds
nmnbersof7.2x 106and18.4x 106basedonthemeanaerodynamicchord.

Forcedatatakenat a R = 12.6x 106werethesameasthoseobtainedat
R = 18.4x 106 and,therefore,arenotpresented.

—— . .—.
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Lift.-No significanteffectswithintheexperimentalaccuracycan
be notedontheliftthroughouttherangeofReynoldsnumberstested.
Thelift-curveslopeislinearup toaboutsmangleofattackof8°where
theslopebeginsto decreasebecauseof separationeffects.Forthelow
anglesofattacktheslopeoftheliftcurvewas0.0290perde~ee com-
paredtothevalueof 0.033as obtainedfromtheoryinreference3.

Drag.- Theonlysignificantchangeinthe
numberwasa variationof C?ulin”

A valueof

obtainedata Reynoldsnumberof7.2x 106and

Reynoldsnumberof18.4x 106. U@ to aboutan

dragdatawithReynolds

C%in of 0.0094was

decreasedto 0.0086at a

angleofattackof8° a
slightdecreaseindragcoefficientwithincreasingReynoldsnumbermay
alsobe noted.Itisbelievedthatthewingboundarylayerisalmost
entirelyturbulentatthetestReynoldsnmbers,anda decreaseofthis
orderofmagnitudeindragcoefficientistobe expectedwithincreasing
Reynoldsnuder.

InteWation
numberofI-8.4x
dragcoefficient
subtractedfrom

ofthepressuredistributionsobtainedat a Reynolds
106(fig.5)givesa valueof O.O@lforthepressure
forthiswing. Whenthepressuredragcoefficientis
Cn forthewingmountedonthesidewall,a value
%in

of 0.0035fortheskin-frictioncoefficientis obtainedata Reynolds

numberof18.4x 106. Forthewinginthepresenceoftheboundary-
layerscooptheskin-frictioncoefficientwasfoundtobe 0.0040.For
a flatplateat thesameReynoltinwber~reference4 gives~ eWeri-
mentalvalueof 0.004-4fortheturbulentskin-frictioncoefficient;tbls
valuecomparesfavorablywiththatobtainedforthewing.

Lift-dragratio.-A valueof7.2for (L/D)m isobtainedatthe
highestReynoldsnumber.Thisvaluedecreasesslightlywithdecreasing
Reynoldsnumber;thisdecreaseis dueinpartto theincreasein skin
frictionobtainedatthelowerReynoldsnumbers.

Pitchingmoment.- TheonlydiscernibleReynoldsnumbereffectsappear
inthepitchingmcmentalthougheventhesearesmall.Figure4 showsthat
atthehigheranglesofattackthecenterofpressureofthewingmoves
forwards+ightlywithincreasingReynoldsnumber.Theshiftamountstoa
forwardmovementofthecenterofpressureofaboutonly1 percentofthe
meanaerodynamicchordatan angleofattackof16°. Thereversalin slope
inthemcmentcurveat aboutan angleofattackof8° coincideswiththe
pointatwhichthelift-curveslopebeginsto decrease.

Leading-edgesuction.-Thelinearizedtheorypredictsthata suction
forceis developedonround-noseairfoilsat supersonicspeedswhenthe
leadingedgeoftheairfoilis sweptbehindtheMachcone.Whenthevalue

— — -——— -— .— —-— .— .————..
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ofthedrag-risefactorACD/CL2islesstkn thereciprocalofthe
lift-curveslope,a suctionforceisdevelopedwhichindicatesthatthe
resultantliftvectoristiltedforward.Experimentally,a decreasein
skinfrictionwithincreasingangleofattackwouldalsoshowthesame
effect.Sinceit isnotpossibleto isolatecompletelytheskin-friction
effectsonthedrag-risefactor,theconceptofleading-edgesuction
shouldbe usedonlyas a convenientmethodof comparingtherelative
meritsofdifferentwings.

mgure 6 showstheexperimentalvariationof ND tith CL2 as
wellasthetheoreticalcurveassumingthewingtobe developingfulJ
leading-edgesuction.Onlyabout15percentofthetheoreticalsuction
forcewasindicated.Althoughthedataarenotshown,a changeinReynolds

numberfrom7.2x 106to18.4x 106,hadno effectontheleading-edge
suctionforthiswing. Figure7 ispresentedin orderto showmoreclearly
theEttle dragreliefthatwasobtained.Thetheoreticalchord-force
coefficient,assumingthewingtobe developingfldlleading-edgesuction,
wascalculatedby themethodofreference2 by usingthetheoreticallift-
curveslopeforthewing. Thetheoreticalcurveifextendedindicates
thatthewingwouldactuallyhavea negatiwvalueofchord-forcecoef-
ficientatanangleofattackabove50 iffullsuctionwereattained.
Actually,ofcourse,theleading-edge-suctionforceislimitedto some
valueofpressurecloseto vacuumactingona smallareaalongtheleading
edge. Theexperimentalcurvedoesshowa decreasein Cc butitis
nowhereneartheorderpredictedby theory.

FLowSmms

An examinationofthepressuredataindicatedthatthecharacterof
theflowoverthewingis,ingeneral,thesaneat M= 1.6 and 1.9 as
itwasat M=2.41 (ref.1). Pressurediscontinuitiesonthewingupper
surfaceshowthatstandingshockwavesexistateachofthetestMachnum-
bers. Forexample,figure8 showsthespanwisevariationofupper-surface
pressurecoefficientsatthe90-percentroot-chordstationfora wing
angleofattackoflOOat M=l.9. ThedataateachReynoldsnuniber
indicatethata separatedregionexistsneartheleadingedgeandisfol-
lowedby anabruptchangeinpressurewhichusuallydenotesthepresence
ofa shockwave. IYomadditionalspanwisepressureplots,theshockwave
wasfoundto liealonga raythroughthewingapex.

A flow-directionm.n’veywasmadejustabovethewingsurfacebymeans
ofweathercockingvanesplacedonthefull-spanwing. b addition,the
flowdirectionintheboundarylayerwaaobservedbymeansof anink-flow
technique.lhxnntheresultsofthevanesurvey,itwasfoundthatoutboard

—
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oftheshockwavelyingalonga raythroughthewingapextheflowwas
towardtherootchord,whereae,behindtheshockwave,theflowwas
approximatelyparallelto therootchord.Figure9 shows6omeresults
oftheflow-directionmrveymadeatthe70-percentrootchordstation.
AtM= 1.62 w M= 1.93,thelocalflowanglebincreasedwith
increadngangleof attack.It shoul.dbenotedthattheabruptchqnge
intheindicatedflowanglesoccursat thelocationoftheshockwave
onthewingsurfaceas determinedfromthepressuredistributions.Com-
pleteresultsofthevanesurveyarepresentedintableI.

Theflowdirectionintheboundarylayerwasobservedat M = 1.93
intheLangley9-inchsupersonictunneloveran @e-of-attackrangeas
theReynoldsnumbervariedfroml.3x 106to 5X 106. Inkwasadmitted
atseveralpointsonthefldl-spanwing~er surfaceandtheresulting
flowpatternswerephotographedastheangleof attackmd Reynoldsnum-
berwerevaried.Ilgure10 showssomeresultsoftheink-flowstudies
obtainedata Reynolds?mniberof1.3x 106overanangle-of-attackrange.
Withthewingatanangleofattackof0°theinkflowedapproximately
paralleltothestreamdirection,but,astheangleofattackincreased,
theinkshowedthattheboundary-layerflowatthewingsurfacewasturned
outboardandtiwardthetip. Theink-flowpicturesaswe~ asthepres-
suredata6howthatseparationbeginsatthetipandmovestowardthewing
apexwithincreasings.@leofattack.Canbiningtheresultsofpressure
distributions,vanesurveys,sndtheink-flowphotographsledtothecon-
clusionthattheflowconfigurationwasprobablyas showninfigure11.
Alsmbdashockoccurredonthewingwiththefrontlegstartingatthe
pointof~ separationandthebacklegoriginatingalongtheline
offlowreattachment.Betweenthetwolegsofthel-da shocktheflow
directionwasoutboardonthewingsurfaceandinboarda smalldistance
abovethesurface.&hindthebacklegofthelsmbdashocktheflowjust
abovethesurfaceisapproximatelypsralleltothestresmdirectionas
6hoi?nby thevanesuivey.Similarwing-shockconfigurationswerephoto-
graphedandreportedinreference5.

Wessuredataobtainedat a Reynoldsnumberof18.4x 106showthat
upto anangleofattackof16°(thel~t ofthepresenttests)theback
legofthelsmbdashockmovesinbosrdandtheleading-edgeseparation
continuestomovetowardthewingapexwithincreasingangleof attack.

Figure12 showssomeink-flowpicturesforthewingatanangleof

attackof2° astheReynoldsnumberwasvsriedfrom1.3x 106to 5 x 106

atM= 1.93.At a Reynoldsnmiberof1.3x 106,theink-flowphoto~aphs
indicatethatseparationhasstartednearthetipasevidencedbytheink
flowingalongtheleadingedge.As theReynoldsnumberisincreasedthe
pointofleading-edgeseparationmmes towardthetipuntilfjinallythe
inkspreadsoutoverthewingsurfaceaudthenflow6inthestreamdirection
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whichshows”thattheflowisno longersepu’ated.Thepressure-
distributiondataalsoindicatethatan increaseinReynoldsnumber
delaystheleading-edgeseparationto a higherangleof attack.

IOADING

Ithasbeenshownthatan increaseintest
theflowoverthewing. ItwiIl,therefore,be
theeffectthatReynoldsnumberhasonthewing
Only‘representativedatawhichshowtheeffects

Reynoldsnumberchanges
of interestto determine
loadingcoefficients.
ofReynoldsnumberare

plottedinthispaper.Completepressuredataforthewingat M = 1.62
and M= 1.9 arepresentedintablesIIandIII.

lRl_gure13(a) showsthechordwisevsriationofloadingcoefficients
forthewingat M = 1.9 and a=6° forReynoldsnumbersof2.2x 106
and18.4X 106. At the11.1-percentsemispanstationthereislittle
effectofReynoldsnmiberontheloading,butinmovingoutbosxdthedis-
tributionandmagnitudeofthechordwiseloadingcoefficientschangewith
Reynoldsnumber.Forexsmple,atthe77.7-percentsemispsmstationthe
higherReynoldsnumbertestsresultinloadingcoefficientsontheorder
of15 to 20percenthigherthanthoseobtainedat a Reyonoldsnumber

of 2.2 x 106.Theagreementbetweenexpertientandtheoryisgoodat
theinboardstation,butbecomesprogressivelyworse& movingoutboard
m to flowsep~ationwmchbe~ atthetip. As a resultofflow
separationtheloadingoverthethreeoutboardstationsisnotlinear
withangleof attack.Thevariationinloadingattheinboardstation,
however,isnearlylinearovertheentiretestrange.

Itwasfoundthatthegreatestchangesinloadingcoefficients
occurredastheReynoldsnumberwaaincreasedfrom2.2x 106to 7.2x 106.

As theReynoldsnumberwasfurtherincreasedto18.4x 106theloading
continuedto varybutthechangesinloam overthatobtainedat a
Reynoldsnumber7.2x 106weresmall.As theangleofattackincreased
above6°theeffectsofReynoldsnumberonthechordwiseloadingcoef-
ficientsdecreased.Thepressuredataindicatethatataboutan angle
ofattackof14°ReynoldsnmberwiIlhavelittleeffectontheloading
coefficientssincetheflowhasseparatedovermostofthewingevenat.
a Reynoldsnumberof18.4x 10b. Thepressure-distributiondataobtained
ata Reynoldsnumberof7.2x 106iDtheLangley9-inchsupersonictunnel
atanglesofattackup to10°(thelimitofthetunneltests)wereingood
agreementwiththosedata(notpresented)forthewingatthessmeReynolds
numberintheblowdownjet.

—-. .—



NACARM L53108 I-1

As shownby figure13(b)thessmegeneralchangesinwingloading
occurredwithReynoldsnumberat M = 1.62 asoccurredat M = 1.9.
EventhoughthehighesttestReynoldsnumberat M = 1.62WaS7.2x106
itisbelievedthattheloadingcoefficientspresentedareapproximately
thesameaswouldbeobtainedathigherReynoldsnuniberssinceat M = 1.9
andM= 2.41 an increaseinReynoldsnumberabove7.2x 106hadlittle
effectonthewingloadingcoefficients.

Figure13illustratedthatReynoldsnumberhadsignificanteffects
onthedistributionandmagnitudeof chordwiseloadingcoefficients.It
ishnportant,.then,to examinetheeffectsofReynoldsnumberonthe
spanwiseload@jwhichwasobtainedfromtheintegratedpressuredistrib-
utionsat eachchordwisestation.

Figure n(a) showsthevariationin experimentalloadingacrossthe
spanforthewingatanglesofattackof6°,10°,and16°at M = 1.9.
Itmaybe seenthattheeffectsofReynoldsnumberonthespanwiseloading
aresmall.At smamgleof attackof 6°,forexsmple,theintegrateddata
obtainedata Reynoldsnumberof18.4x 106resultina liftcoefficient
approximately4 percenthigherthantheliftcoefficientobtainedat a
Reynoldsnumberof2.2x 106. Theexperimentaldataandtheoryshowgood
agreementat anangleofattackof6°. As theangleof attackincreases
to16°theshapeofthespan-loadingcurvechangesfromnearelliptical
to approxhatelya triangulardistribution.Figure14(b)showsthat the
spanloadingsat M = 1.62~so fo~ow thesanetrends.

CONCLUSIONS

Frantheexperimental.investigationto determine
Reynoldsnuu.iberontheaerodynamiccharacteristicsof
followingconclusionsmaybe drawn:

theeffectsof
a deltawingthe

10 Oversnangle-of-attackrsmgeof 0°to16°atMachnumber1.90
theonlysignificanteffectofa Reynoldsnmiberchangefrom7.2x 106
to 18.4x 106onthemeasuredforcedatawasto decreasethewingminhum
dragcoefficientabout8 percent.

2. AtMachnumber1.90,therewasno effectof a Reynoldsnumber
increasefrom7.2x 106to18.4x 106ontheamountofleading-edgesuc-
tiondevelopedbythewingwhichwasapproxhatel.y15percentofthe
theoreticalvalue.

.—_.—_—_”—————— .—..— —-.. —.— ———— ---
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3.AtMachnumbers1.62and1.9,a largeincreaseinReynoldsnum-
berdefinitelyaffectedthemagnitudeanddistributionofchordwise
loadingbuthadlittleeffectontheresultantspanwiseloading.

4. Theshapeofthespsnwiseloadingcurvevariedfromelliptical
atthelowanglesofattacktomorenearlytriangularatthehigherangles.

5=Withthesemispanwingmounteddirectlyto thetunnelsidewa12
atMachnunibers1.90and2.41,thewingaerodynamiccharacteristicswere
thessmeasthoseobtainedwiththewingtestedinthepresenceofa

tiel boundary-layerscoopforReynoldsnumbersof12.6x 106and18.4x 106.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

~eymeld, Vs.,August25,1953.

c!!-—-.
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Theuseofa boundary-layerscoopexhaustingto theatmospherepre-
sentsseveralproblems.Forexsmple,thescoopwillnotstartatlow
stagnationpressurewhich,of course,meansthatlowReynoldsnumber
testscannotbemade. In addition,a disturbancewhichisnotalways
easilyeliminatedoriginatesfromthescoop—tunnel-walljuncture.It
wouldbe desirableandconvenient,therefore,to conducttestsat super-
sonicspeedswithouta boundary-layerscoopifthetestresultswould
notbe adverselyaffected.

Duringthepresentinvestigation,theeffectsoftestinga 68.4°
deltawingwithandwithouta boundary-layerscoopweredetermined.The
ratioofthetunnelboundary-layerthiclmesstowingsemispanwasabout
1/10whenthewingwastebtedwithouttheboundsry-lsyerscoop.

Forcetest.-Figure15 showsforcedataobtainedat M = 1.90 sad
M= 2.41 forthewingtestedwithandwithouta boundary-lsyerscoop.
Up to anangleofattackof16°(thelimitofthepresenttests),theonly
significanteffectonthemeasuredforcecoefficientsoftestingthewing
mounteddirectlytothesidewallwasto lowerthemimimumdragcoeffi-
cientapproximately3 to 5 percent.A mall decreasein dr~ coefficient
istobe expectedsincepartofthewingwasimmersedinthetunnelboundary
layer.At M = 2.41 therewasa slightrearwardshiftinthewingcenteT-
of-pressurelocationwhenthewingwastestedwithouta boundsry-layer
scoopinplace.At ansingleof attackof16°therearwardcenter-of-pressure
shiftwasabout1 percentofthemeanaerodynamicchord.

Pressuredata.-Fortheno-scoupcondition,ifthetunnel”boundary
lsyerwereto influencethepressuredistributionoverthewing,the
pressuresattheinboardstationswouldbemostaffected.Figure16
presentsrepresentativeplotsofpressurecoefficientsatthe11.1-

percentsemispanstationfor M = 1.9 anda Reynoldsnumberof18.4x 106.
Figure16 showsthatthepressuredataobtainedbythetwomethodsof
testingme thessme.Theagreementshownattheinboardstationis
typicalofthepressuredistributionsattheotherspanwisestations
overthetestangle-of-attackrangeof0°to16°.

Figure17showssometypicalpressuredistributionsat M = 2.41
forthe11.1-percentand33.3-percentsemispanstations.At the11.1-
percentsemispanstationthepressuxesshowsomedisagreementoverthe
forward40percentoftheairfoilbetweenthetwomethodsoftesting.
At @es ofattack,thescooptestsresultin slightlyhighernegative
pressuresontheqper surfacethandotheno-scooptests.Thetrends,
whichoccurredat a = 8°,continuedtothehigheranglesof attack,but
theagreementwassomewhat@roved atthehighersngles.

—.—. .. -—_——— — ..——— ..—..—.- —-—— - ——
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At the33.3-percentsemispanstationthepressuresobtainedshow
goodagreementover.theforward@ percentoftheairfoilat a = 0°,
butovertheremainderoftheairfoilthescooptestsagainresultin
highernegativepressuresthanthosepressuresobtainedwithoutthe
boundary-layerscoop.Whentheangleofattackisincreasedto8°,no
differencesinthepressuredistributionsarenoticeable.Thepressures
obtainedatthe55.5-percentandthe77.7-percentsemispanstationswere
thessmeforbothmethodsoftestingovertheangle-of-attackrangeof
0°to16°.

Itmaybe seen,therefore,thattheno-scooptestsresultinlocal.
decreasesinliftingpressuresontheorderto5percentbelowthepres-
suresobtainedwitha scoop-mountedmodel.Thelocalreductionsinlift
arealsoapparentintheforcedatawhichindicateda slightrearward
shiftinthecenterofpressurefortheno-scooptests.

Theresultsofthepresenttestsindicatethat,whentestinghighly
sweptbackwingsatMachnmbersofabout2 andReynoldsnumbersof12 x 106,
iftheratiooftunnel-boundary-layerthicknesstowingsemispanis of
theorderof1/10,correctover-al.l.aerodynamiccharacteristicscanbe
obtainedbymountingthemodeldirectlyto thetunnelsidewdl. Local
liftingpressuresoverinboardstations,however,csnbe in errorapprox-
imately5 percentatlowanglesofattack.
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(a) 11.1-percentsemispanstation.

Cmparisonofpressuredistributionsobtainedwithandwithout
boundary-layerscoop.M=2.41; R=18.4x I06.
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(b) 33.3 semispsn station.

Figure 17. - Concluded.


